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DESCRIPTION 



Pressure Limiting Valve with a Hydraulic Seal Ring 



The invention relates to a pressure limiting valve for the protection of hydraulic 
power packs against overload, in particular, for the protection of hydraulic props in 
underground mining and tunnel construction against falling rocks, comprising a valve 
housing with consumer connection and pressurized fluid outlet, which are separated from 
one other by means of a movable closure device with a seal securing the flow gap 
between the pressurized fluid outlet and the consumer connection, which closure device 
is movable against the force of a valve spring, and are connected to one another if an 
overload occurs in order to discharge the pressurized fluid. 

Pressure limiting valves are used in various hydraulics-related areas, in particular, 
to protect hydraulic power packs against overload. A valve piston is normally disposed in 
a valve housing such that in case of overload it passes over a seal and allows the 
pressurized fluid to flow off through the pressurized fluid outlet until the overload has 
been reduced and the valve can close again. The seal to be passed over by the closure 
device of the valve, typically a valve piston movable in a piston bore, is exposed to high 
loads because the closure device is pressurized by the compressed pressurized fluid, and 
even so has to remain in a state that ensures overall sealing of the system. As a result of 
the pressure, the seal is deformed in such a way that it projects into the flow gap between 
the movable closure device and the fixed component, and therefore is exposed to severe 
stress at the start of movement of the closure device. Hence, the lifetime of such seals is 
limited. This applies particularly for the valve described in EP-A-0 096 303. 

The O-ring, which can be deformed like plastic mass and is inserted prestressed, 
is deformed when passing over the radial bores of the valve piston (closure part) such that 
the flow gap is closed by the developing annular projection. With the valve configuration 
according to DE-8 437 091 Ul and GB-A-2 159 923 the seal rings are fitted into the 
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respective groove or are inserted prestressed therein in the case of both valve pistons in 
order to ensure an accurate seat of the O-ring. Here as well the O-ring is pressed into the 
flow gap, and the developing annular projection creates the afore-mentioned wear 
problems. The problems described cannot be resolved even the reduced thickness of the 
O-ring because again the hydraulic pressure occurring in the groove or acting in the 
groove acts in the direction of the flow gap, and is in fact supposed to act in that 
direction, because, as is indicated in Figure 3 of EP-A-0 096 303, this closure is the 
objective of the deformation. DE-3 909 461 Al shows among a variety of illustrations in 
Figure 3 also such a "reduced" O-ring. The shape and arrangement as well as the material 
of these known O-rings result in the afore-mentioned disadvantageous deformation and 
consequently to the premature failure of these pressure limiting valves, which are 
important for safety reasons. 

The object of the present invention is to provide a sealing arrangement above all 
for pressure limiting valves, which arrangement ensures long lifetimes and is configured 
to increase the sealing effect. 

According to the present invention, the intended object is achieved by the fact 
that the seal is a seal ring with limited flexibility, which can be inserted without prestress, 
and consequently displaceably in the direction towards the closure device, into a groove 
provided for this purpose, whereby said groove is designed to allow flow as far as into 
the groove base or partial flow of the pressurized fluid behind the seal ring. 

The pressurized fluid flowing behind the seal ring is the system pressure fluid, 
thus it is the "normal system pressure". As a result of the special configuration of the seal 
ring and the groove, said system pressure fluid can flow past the partition into the groove 
base, so that the seal ring may additionally be pressed into the sealing surfaces by the 
pressurized fluid. As the seal ring is inserted without prestress, it can also be securely 
pressed out of the groove by the system pressure or the pressurized fluid far enough that 
it firmly closes the flow gap, ensuring the sealing of the entire system. 
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In the problematic case, for instance, of the hydraulic props being exposed to falling 
rocks, the closure device, i.e. normally the valve piston, is pressed out of its seat, and 
specifically against the force of the valve spring, whereby it so passes over the seal ring 
that said seal ring is completely influenced by the overload pressure of the pressurized 
fluid and is pressed into the groove. Thus, said seal ring is secured when passing over the 
corresponding passage opening or radial bore and cannot be affected by sharp edges or 
the extremely pressurized fluid. Once the radial bore has been passed over to a great 
extent by the seal ring, the pressurized fluid can flow off with increased pressure and the 
approximate normal pressure is reestablished. Now the higher pressure is present in the 
so-called damping chamber and reaches the area of the seal ring through the annular gap 
between the closure device and the fixed component, pressing said seal ring into the 
sealing position so that the contact surface slides firmly with friction on the seal face. 
This in turn ensures optimal sealing in this area. The described pressure limiting valve is 
thus secured by a hydraulic seal ring, or rather, by the seal ring that can be moved to the 
sealing position by the pressurized fluid. 

It is especially advantageous if the seal ring has a rectangular, preferably square 
cross-section, because "optimal movement" of the seal ring and an optimal "areal" 
sealing effect can be achieved this way. 

According to an exemplary embodiment of the present invention, it is provided 
that the groove and seal ring are positioned such that the seal ring is also compressed by 
the system pressure fluid when the valve is closed. This is particularly achieved in that, 
when the valve is closed, the system pressure fluid can flow through the defined flow 
paths past the seal ring into the groove. Thus, the system pressure fluid advantageously 
compresses the seal ring firmly. 

According to another exemplary embodiment, it is provided that the groove and 
seal ring are arranged and embodied such that they partially extend into the cross- 
sectional opening of the bore connecting with the flow gap, whereby the connection bore 
is preferably embodied as a radial bore. In other words, with an embodiment of this type, 
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when the valve is closed, the system pressure fluid can always flow past the seal ring into 
the groove on the defined path, subsequently pressing the seal ring out of its seat in the 
groove, and specifically onto the sealing surface. To this end, it suffices if the groove and 
seal ring just barely project above the radial bore to allow the system pressure fluid to 
precisely enter into the defined gap in order to act on the seal ring. 

The described sealing arrangement comprising the groove and seal ring can be 
implemented particularly well if the consumer connection is configured and arranged 
with a blind hole at the connection, and if radial bores are provided at the end of the blind 
hole at the height of the flow gap. Thus the path of the system pressure fluid, and also of 
the overload pressure fluid, is predetermined, because it can flow without difficulty from 
and through the connection into the area of the sealing arrangement in order to act on the 
seal ring to achieve optimal sealing effect, as described above. 

In order to favor the inflow of the system pressure fluid into the groove base, it is 
advisable that the groove has an oblique partition, creating a funnel-type opening, along 
the groove base in the area of the system pressure fluid inflow. As the seal ring is 
configured with a square or rectangular shape, the above-mentioned funnel opening is 
situated flanked by the oblique partition of the groove, through which the system pressure 
fluid can flow exactly into the groove base. Thus the gap opening is enlarged by the 
inflow of the pressurized fluid, so that the system pressure fluid can in fact reach the 
groove base, and from there reaches behind the seal ring to act on it correspondingly. 

The pressure build-up in the groove base, i.e. behind the seal ring rapidly 
becomes effective if a salient is provided in the groove base. A sort of pressure bubble is 
formed. 

Another possibility for configuring an adequate funnel opening or inflow opening 
is such that the wall of the groove opposite the oblique partition is arranged in a way that 
it provides radial fixation to, but allows axial movement of, the seal ring. This means that 
the seal ring can move in the direction of the sealing surface, however it cannot modify 
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the funnel opening, thereby always ensuring inflow of the system pressure fluid. Finally, 
it is also possible to keep the funnel opening open by force, wherein it is conceivable that 
the partition has spacers acting on the seal ring. The spacers would keep a corresponding 
gap open, wherein said spacers do not obstruct the flow of the system pressure fluid, 
however will of course be affected by the back and forth movement of the seal ring. In 
this respect, said spacers should be given special consideration. 

The described embodiment of the groove and seal ring is particularly applicable 
when, according to the present invention, the connection comprising the consumer 
connection has a piston-like attachment, on which a top hat shaped top part, and a spring 
disk with a top hat brim are arranged passing over the radial bores in the attachment 
against the force of the valve spring, whereby the flow gap between the lower part of the 
top hat brim and the upper part of the connection is configured such that it extends up to 
the outlet ports forming the pressurized fluid outlets. In said embodiment and 
arrangement of the groove and seal ring, only the spring disk is movable, while the 
piston-like attachment virtually assumes the function that has so far usually been assigned 
to the valve piston. The movement of the spring disk is guided on the piston-like 
attachment, wherein the groove and seal ring is associated with the spring disk, i.e. with 
the movable part. Just after a short path, the pressure fluid can flow off through the flow 
gap between the lower part of the top hat brim and the upper part of the connection, so 
that the overpressure can rapidly be reduced. To that effect the groove and seal ring are 
arranged in the area of the lower top hat brim, so that said the afore-mentioned small and 
short paths suffice in order to provide an adequate cross-section of the opening for the 
pressure medium flowing off. 

The flow gap below the top hat brim and above the connection must naturally be 
deviated by 90°, wherein it is advantageous if the embodiment of the corner between the 
upper part of the connection and the attachment is rounded off. Thus the path for the 
rapidly flowing pressure fluid is predetermined, however at the same time it is ensured 
that wear is largely kept to a minimum in this area. 
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The reliable response of the seal ring when moved inside the groove is favored by 
the fact that, according to a further embodiment of the present invention, the edge facing 
the bottom side of the top hat brim is beveled. Thus a cavity forms following the brief 
lifting of the spring disk, the pressure fluid being able to flow into this cavity, so as to aid 
the lifting process of the spring disk. Said bevel is still further advantageous in that the 
pressurized fluid flowing off through the radial bores does not encounter a sharp corner 
upon passing over the radial bores, but rather is discharged optimally along the bevel. By 
exactly influencing the seal ring also in this section, it is furthermore ensured that the 
pressurized fluid does not flow into the gap between the piston-type attachment and the 
spring disk. Further details will be pointed out below. 

As explained above, the sealing ring is a seal ring that can be inserted without 
prestress into a groove provided for this purpose and it should have limited flexibility. 
The assembly of the seal ring as well as its mode of action are particularly optimal if the 
seal ring is made of plastic material, preferably polyamide. The choice of the material 
ensures a permanent leak-proof fit, even if said seal ring becomes minimally deformed, if 
at all, when moving inside the groove. 

This secure leak-proof fit is further ensured by the fact that the plastic seal ring 
has sharp edges in the contact area of the sealing surface at the piston-type attachment. 
Said sharp edges ensure that the whole sealing surface of the seal ring is solidly seated 
and that even "eating away" at the seal in the brim area is not possible at all. 

The present invention is particularly characterized in that a sealing arrangement 
for pressure limiting valves has been created that comprises a seal ring disposed in a 
groove, wherein both are configured so as to enable the inflowing system pressure fluid 
to specifically influence the seal ring inside the groove. Thereby the seal ring is moved 
out of the groove to a limited extent and pressed onto the sealing surface, so that a precise 
and desired sealing effect is always ensured. Upon passing over the radial bores, the seal 
ring is subjected completely to the system pressure fluid, or rather the overpressure fluid, 
so that it is pressed into the groove and not damaged even when passing over the brims of 
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the radial bores. Only after the passing over has been concluded, is the seal ring 
influenced by the system pressure fluid remaining in the system, which ensures that the 
ring is moved into the leak-proof fit position and thereby seals the sealing surface so that 
in this situation and position an optimal sealing effect is ensured as well. A particularly 
preferred embodiment of the present invention provides a pressure limiting valve, in 
which only the correspondingly configured spring disk moves when overload occurs, 
while the connection with a piston-type attachment extending into the spring disk ensures 
that the spring disk moves uniformly, and that the overpressure fluid can flow off 
securely after passing over the radial bores. In the present arrangement and invention the 
seal ring is protected, so that a long lifetime is achieved. Moreover, optimal sealing of the 
pressure limiting valve in all positions is ensured. 

Further details and advantages of the subject of the present invention will be 
apparent from the following description of the corresponding drawings, which illustrate a 
preferred exemplary embodiment with the necessary details and individual parts. In the 
drawing: 

FIG. 1 shows a pressure limiting valve in a sectional view with sealing 
arrangement, 

FIG. 2 shows an enlarged illustration of the sealing arrangement area, 
FIG. 3 shows the arrangement of the seal ring with the valve in the closed 
position, 

FIG. 4 shows the arrangement of the seal ring upon passing over the radial 
bores, 

FIG. 5 shows the arrangement of the seal ring after passing over the radial 
bores and 

FIG. 6 shows another embodiment of the pressure limiting valve in a 
sectional view. 
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In the pressure limiting valve 1 shown in FIG. 1 3 in addition to the special sealing 
arrangement, the configuration of the spring disk 7 and connection 26 with the piston- 
type attachment 27 are especially relevant. 

The pressure limiting valve 1 is shown in a sectional view, wherein it is clear that 
the valve housing 2 has a consumer connection 3 and pressurized fluid outlet 4, both of 
which are embodied in the area of the connection 26. A valve spring 5 arranged inside the 
valve housing 2 is supported on the spring disk 7, which virtually represents the movable 
closure device 8. Said closure device 8 and the seal 6 ensure the effective separation 
between the consumer connection 3 and the pressurized fluid outlet 4 when the valve is in 
the closed position. 

The connection between the consumer connection 3 and pressurized fluid outlet 4 
is represented by the flow gap 10. In FIG. 1 it is evident that owing to the seal 
arrangement a passage of the pressurized fluid 1 1 or system pressure fluid is not possible. 
The seal ring 12 is seated sufficiently wide on the piston-like attachment 27 for the flow 
gap 10 to be closed. 

The seal ring 12 is made of polyamide or similar plastic material and can be 
placed in the provided groove 13 - shown here in the movable spring disk 7 - without 
prestress. The opening cross-section 14 of the connection bores 15, in the shape of radial 
bores 16 in this example, is so dimensioned that if an overload occurs adequate amounts 
of pressurized fluid can be discharged, and specifically through said flow gap 10. 

In case of overload, the overpressure fluid 18 is present in the blind hole 17 and 
ensures that the spring disk 7 is moved against the force of the valve spring 5. Thereby, 
said overpressure fluid 18 reaches the area of the flow gap 10 through the blind hole 17 
and radial bores 16, and also reaches the area of the damping chamber 45 through the 
throttle bore 50. This damping chamber 45 is enlarged with the initial movement of the 
spring disk 7, so that during the subsequent closure of the pressure limiting valve this 
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pressurized fluid has to be pressed primarily through the throttle bore 50 before the spring 
disk 7, and thereby the valve spring 5, move to the initial position. 

When the spring disk 7 is lifted, the seal ring 12 passes over the radial bores 16, 
and is then pressed into the groove base 20, so that the overpressure fluid 1 8 can be 
discharged through the flow gap 10. Said flow gap 10 is located between the bottom side 
30 of the top hat brim 29 and the top side 3 1 of the connection 26 - this will be explained 
below - and ends in the area of outlet port 32. If not enough pressurized fluid can be 
discharged, the outlet ports 33 in the partition of the valve housing 2 are also available, so 
that sufficient pressurized fluid may always be discharged. These outlets ports 33 are 
covered with a seal ring 40 with limited flexibility in order to prevent dirt from entering. 

Once the overpressure in the consumer has been reduced, the system pressure 
fluid 1 1 is again present in the blind hole 17. As a result, the top hat shaped top part 28 is 
reset to the sealing position by the valve spring 5 acting on the top hat brim 29. The 
pressurized fluid present in the damping chamber 45 ensures a damped movement. 

FIG. 2 shows the enlarged sealing area, wherein it can be seen that the size of the 
groove 13 is slightly larger than that of the seal ring 12. Thereby a pressure gap 19 forms, 
through which the system pressure fluid 1 1 can penetrate through the radial bore 16 in 
order to influence the seal ring 12 accordingly. This will be explained further in detail 
below. The groove 13 has a beveled partition 21 in the area of the pressure gap 19 so as 
to define it. As a rule, the opposite groove partition 22 is embodied perpendicular to the 
groove base 20 so that the seal ring 12 can press precisely along said groove partition 22 
and with its brim 38, 39 on the seal face 36. Said sealing surface is also referred to as the 
contact sealing surface 37 in FIG. 3, whereby it is clear there that said contact sealing 
surface 37 is always dimensioned such that no canting of the seal ring 12 occurs, but 
instead specific influence occurs in the direction of the sealing surface 36 or contact 
sealing surface 37. 
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FIGS. 3, 4 and 5 show the different positions of the seal ring 12 during operation 
of this type of pressure limiting valve 1. FIG. 3 shows the initial status, where the system 
pressure is present, so that system pressure fluid 1 1 can flow into the pressure gap 19, as 
the direction of the arrow indicates. Said pressure gap 19, and also the gap that can be 
seen in the area of the groove base 20, are drawn larger than their actual sizes in order to 
indicate which segment movement is taking place at this point. The seal ring 12 is 
pressed by the system pressure fluid 1 1 in the direction of the opposite groove partition 
22 and subsequently is pressed also in the direction of the contact sealing surface 37 by 
the inflowing system pressure fluid 1 1 into the area of the groove base 20. The direction 
of the arrows indicates the pressure direction 52. 

The seal ring 12 shown in FIGS. 3 to 5 has sharp edges 38, 39 in the area of the 
sealing surface 36. Consequently, complete sealing is ensured upon contact with the 
contact sealing surface 37. 

FIGS. 3 as well as 4 and 5 furthermore show that the corner 34 between the top 
side 3 1 and the piston-type attachment 27 is rounded to facilitate the discharge of the 
overpressure fluid 18 as shown in FIG. 4. Additionally, the edge 35 at the bottom side 30 
of the top hat brim 29 is beveled, also in order to facilitate hereby the discharge of the 
overpressure fluid 18 as well, but at the same time to prevent the pressurized fluid from 
discharging not at all or insufficiently in the position shown in FIG. 5 and also to prevent 
the pressurized fluid from flowing in the direction of the gap towards the seal ring 12. On 
the contrary, the overpressure fluid 18 is guided specifically at the outset, as shown in 
FIGS. 4 and 5. 

FIG. 4 in particular shows that the partition 21 is beveled, forming the afore- 
mentioned pressure gap 19. In order to keep it open, the arrangement of spacers 23, 24 is 
provided according to FIG. 5. 

From the position shown in FIG. 5, the seal ring 12 has long passed over radial 
bore 16 and is now being influenced by the damping chamber 45 or the pressurized fluid 
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1 1 5 present therein. Said pressurized fluid 1 1 ' then reaches the seal ring 12 through said 
gap, again shown in exaggerated size in FIG. 5, where it reaches the area of groove base 
20 via the pressure gap 19, achieving the sealing effect indicated in FIG. 5. 

When the valve closes again and thereby the spring disk 7 is pressed back to the 
position shown in FIG. 3, the pressure-relieved seal ring 12 again passes over the radial 
bore 16 as soon as it reaches the area of radial bore 16. 

Finally, FIG. 6 shows a further embodiment of a pressure limiting valve 1, 
wherein a valve piston 41 is used, which is displaced movably in the piston bore 42. It 
also has a blind hole 17 and radial bores 16 at the end sides, which, upon passing over the 
seal ring 12, ensure the discharge of the overpressure fluid 18, and specifically through 
the discharge chamber 43 and outlet ports 32. At the same time, the pressurized fluid is 
guided through the disk bore 44 to the damping chamber 45, in order to produce a 
damping effect when the pressure limiting valve 1 closes again. The damping spring 46 
supports the damping effect. It presses against the damping plunger 47. 48 designates an 
intermediate piece, in which the outlet ports 32 and discharge chamber 43 are configured, 
and which accommodates the actual connection 26. At the upper end of the valve housing 
2, just as in the illustration according to Figure 1, an adjusting spring screw 49 is 
provided, which allows exact tightening of the valve spring 5. 

All features that have been mentioned, including those solely disclosed in the 
drawings, are considered to be essential to the invention, both alone and in combination. 
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